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/ LiKnu r^-Maqneti c , rPll separation used in identificati on 
of genes associated with site-pref erenced cancer^ 
met h a st a sis formation. 

The object of the present invention is to provide a novel approach for detecting 
5 new genes with site-specific expression patterns in tumor cells residing in different 
tissues. 

It is well known that many cancer types show typical patterns of spread, in that 
metastases appear preferably in certain tissues or organs, often in an orderly 

10 fashion Thus, breast cancer metastases usually first develop in axillary lymph 

nodes whereas bone marrow/bone metastases represent the first and most common 
(50%) site of distant spread. Of other tissues, liver, lung and the central nervous 
system (up to 20%) become hosts of breast cancer metastases. Similarly, prostate 
cancer gives skeletal metastases; colon cancer spreads to lymph nodes and liver; 

15 osteosarcoma to lung; and malignant melanoma to lymph nodes, liver, lung and 

brain Very little is known about the factors that determine such tissue-preferenced 
cancer spread, but specific characteristics of the tumor cells are certainly involved, 
by e g enabling the tumor cells to home in the target organ, move to and invade 
the host tissue, respond to local growth factors, induce angiogenesis, or react m 

20 hitherto unknown ways. These characteristics must be associated with expression 
of specific proteins expressed by known or unknown genes. To identify such genes 
may therefore, be of great importance in the understanding of the mechanisms of 
metastasis and thereby provide new leads or clues for diagnosis and therapy. 

25 Several methods are being used in the search for genes that are highly expressed in 
certain populations of cells and not in other, including procedures such as 
subtracts hybridization cloning and the use of the differential display approach. 
Most such cloning projects have involved the use of in vitro cell lines or clones as 
starting material. However, it is known that cell lines may differ significantly from 
30 the tumor cells from which they originated, and that in vitro culture conditions may 
up- or down-regulate the expression of genes involved in deciding the ability of the 
cells to invade extracellular matrices and stromal tissue as well as their overall 
metastatic capacity. 

35 A logical alternative to cell lines for comparing the expression of gene transcripts 
or proteins of interest would be to use specimens of tumor tissue from primary 
tumors and metastases from patients. Such an approach does, however, include 
several possibilities for error and also technical difficulties. When using tumor 
cells from different patients the expression of genes characteristic of each 
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individual must be subtracted before the patterns of gene expression related to the 
objective of the study are compared. This adds to the immense complexity of such 
gene cloning. It would be advantageous, therefore, to be able to compare 
expression patterns in cancer cells obtained from tumor manifestations located at 
5 different sites in one and the same individual. This may be possible by collecting 
tumor tissue from both the primary tumor and overt metastases detected and 
removed at surgery, and/or by surgery or biopsy of recurrent disease, or from 
secondary tumors in patients with progressive .disease who have or have not 
received other treatment modalities after primary surgery. 

10 

In any gene cloning project it is important to work with as pure populations of 
target cells as possible, attempting to avoid irrelevant signals from non-target cells 
blurring the expression patterns to be compared. In specimens from solid tumors 
this is difficult to achieve, as in surgical specimens and biopsies the tumor cells 
15 will be mixed with normal fibrous tissue, including stromal and endothelial cells, 
that conventional methods of tissue preparation cannot satisfactorily remove. In 
hematological cancers, the malignant cells share determinants of a corresponding 
subpopulation of normal cells, preventing separation of the two types of cells. 

20 In attempts to identify genes that are involved in the early stages of tumor 

dissemination, it would be important to obtain tumor cells from the relevant sites 
when the size of the secondary tumors is small, or if possible even from subclinical 
tumor foci or cells. One example would be malignant cells present in blood or in 
bone marrow before conventional diagnostic measures can demonstrate solid 

25 manifestation of metastasis. Another example would be cancer cells present in 
cerebrospinal fluid, in urine, or in effusions in pleural and abdominal cavities 
before conventional morphological procedures can detect such cells. Moreover, at 
primary surgery or if suspected for metastatic spread, lymph nodes are often 
removed because they are enlarged. Morphological examination may, however, 

30 still be negative in cases where a limited number of tumor cells still might be 

present. In all these examples the present invention describes a means of detecting 
and selecting the target tumor cells for gene cloning purposes. 

In addition to using cancer cells obtained from different tissues or organs in 
35 patients, the invention also describes another way of obtaining metastatic human 

tumor cells for use in the search for genes with site-specific expression. Cells from 
several human tumors have been grown in vitro or in immunodeficient animals in 
vivo, and such cells have been used to establish experimental metastasis models or 
models in which the cells can be grown orthotopically, Lfi. in the clinically relevant 
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tissues of origin; malignant melanoma in the skin; osteosarcoma in bone; colorectal 
cancer in the bowel wall; breast cancer in the mammary fat pad, etc. In 
experimental metastasis models different patterns of tumor spread can be seen, 
depending on the cell line, the route of cell injection, and the type of host used. 

5 Commonly the metastasis patterns simulate that of the corresponding tumor type in 
the clinic By using such models it becomes possible also to obtain tumor cells 
from metastatic sites not usually accessible in patients, such as the spinal cord and 
the brain tissue. Again, for gene cloning purposes it would be important to select 
the human tumor cells from the animal cells to avoid problems with genes 

10 expressed in the normal host cells. 

Previously it has been impossible to perform meaningful gene cloning experiments 
on specimens of solid tumors and metastases and on malignant cells m blood and 
bone marrow with the object of identifying genes with site-specific expression. 
15 This is because a considerable fraction of solid tumors and metastases is not 
malignant cells but connective tissue supporting and growing in between the 
malignant cells, and which also contains blood vessels that provide the necessary 
supply of nutritional factors and oxygen to the tumor. It has not been regarded as 
possible to adequately separate tumor cells from the normal cells without including 
20 an intermediate step of culturing the cells in vitro, involving manipulations to get 
rid of the normal cells. However, such in vitro cultivation would result m a 
selection of subpopulation of tumor cells in an environment quite different from 
the situation in vivo, thereby inducing significant changes in gene expression 
patterns. Therefore, for the purpose of identifying genes associated with the 
25 metastatic process, cultivation of tumor cells from solid metastases cannot be used. 
' Moreover, it has not been regarded of interest to persons known in the field of gene 
cloning to compare gene expression patterns in malignant cells in untreated solid 
primary and metastatic tumors. Furthermore, in samples of blood and bone marrow 
tumor cells, if at all present, constitute a very low fraction of the total number of 
30 nucleated cells, and the malignant cells in blood and bone marrow have not been 
regarded of interest for gene cloning attempts. This is because the tumor cells 
could not be adequately separated from normal cells, and importantly also because 
people known in the art of gene cloning have not expected that such malignant 
cells were sufficiently different in gene expression patterns from those m the 
35 parent tumors. 

Cancer cells isolated from human tumors metastasizing to different and clinically 
relevant target tissues and organs in immunodeficient animals have not been used 
in attempts to identify tumor-associated genes with site-specific expression, simply 
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because such human tumor models are very rare, but importantly also because of 
the lack of methods to obtain pure populations of cancer cells. 

The object of the present invention is therefore to provide a method by which 
target cells can be separated from a cell population in order to identify the gene 
sequences from the target cells in a specific cell population environment. 

This object has been obtained by the present invention characterized by the 
enclosed claims. 



Since the object of the invention is to identify genes expressed specifically during 
early stages of tumor dissimulation, the solid tumors and metastases should be 
small in size, and the malignant cells in blood and bone marrow should represent 
so-called micrometastatic disease, i.e. a limited a number of tumor cells should be 
1 5 present. If possible, such tumor cells should be collected even in cases where said 
cells cannot be detected by conventional morphological examinations or with 
diagnostic procedures such as radiology and magnetic resonance imaging. 
Evidently, since such cells have not been recognizable they have not been of 
interest for gene cloning purposes. The use of immuno magnetic techniques permits 
20 isolation of said malignant cells even when present in low numbers. Various 

methods for amplifying DNA and RNA sequences make gene cloning possible on 
such low numbers of malignant cells, provided that this cell population is 
sufficiently pure. 

25 The positive selection of target tumor cells can be obtained by the use of per se 
known techniques, as described in patent application PCT/NO93/00136 (WO 
94/07139) and in PCT/NO95/00052. Since in the present case the purity of the 
final target cell population is important, the immunomagnetic selection process 
may be performed more than once, or may be performed as a combination of 
30 positive (with target-cell recognizing monoclonal antibodies) and negative (with 
antibodies that bind to unwanted cells) selection. These techniques have been 
successfully used to isolate target cells from blood, bone marrow, malignant 
effusions, and from single cell suspensions prepared from solid tumor tissue of 
primary tumors and lymph node and other metastases. Similarly, the selection of 
35 human malignant cells from normal stromal or hematopoietic cells in animal hosts 
has also been demonstrated, even in cases where the tumor cells resided in bone, 
bone marrow, the spinal cord or in brain tissue. Since one objective would be to 
search for genes with products involved in the early stages of metastasis formation 
it may happen that only relatively few tumor cells can be obtained, the purity of 
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which is particularly important. With this approach it is possible to obtain a better 
purified target cell population from patients and animal hosts than by any other 
known technique, providing unique possibilities for cloning genes with site- 
specific expression. 

5 The next step of the invention involves the use of known gene cloning procedures, 
such as the use of the differential display procedure first described by Liang, A. 
and Pardee, A.B. (Science, Vol 257, 967-971, 1992). In this method, polymerase 
chain reactions are performed with enzymes and primers that give reverse 

10 transcription and random amplification of gene transcripts present in the target 
cells Resulting cDNA fragments from the cell populations to be compared are 
thereafter studied on a sequencing gel and the site-specific fragments extracted and 
sequenced. Gene fragments of interest can then be further studied, including 
examination of their expression patterns in material similar to that used for 

15 cloning. Again, having access to purified tumor cell populations without irrelevant 
non-target cells interfering with the results is very important. The possibility of 
using human tumor cells isolated from metastasis models in immunodeficient 
animals is advantageous also because the models provide a reliable and continuous 
source of target tumor cells for extended studies. It is also important that the target 

20 cells either from patients or from animal models, are isolated and treated for DNA 
and RNA studies directly and very rapidly to avoid unwanted alterations m gene 
expression not related to the objective of identifying genes with site-specific 
expression. 

25 Different methods used for cloning new genes have their inherent limitations. The 
differensial display-methods based on polymerase chain reaction techniques may 
suffer from problems related to representative and reproducability. With our 
approach we have consequently included steps aimed at minimizing such problems. 
This has been achieved mainly by the use of the immunobead selection technique 

30 which makes it possible to study specifically biologically representative cells, not 
only for the first differential display step, but also in the steps where the candidate 
genes are examined for expression levels in relevant cells and tissues. 



Tumor cells from the primary tumor and axillary lymph nodes from a breast cancer 
patient were prepared by physical and enzymatic methods to obtain a single cell 
suspension. A bone marrow sample (50 ml) was aspirated and a peripheral blood 
sample was obtained by venous puncture, and the mononuclear cells from both 
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occasions were isolated on Lymphoprep (Nycomed Pharma, Oslo, Norway). The 
cell suspensions were independently incubated with the MOC-31 and BM7 
monoclonal antibodies, recognizing a pan-epithelial antigen and the MUC-1 gene 
product, respectively. After washing and incubation Dynabeads M-450 SAM SD 
5 (Dynal, Oslo, Norway), which bind to the Fc-region of the primary antibodies, 
were added. Tumor cells with bound antibody-Dynabeads M-450 SAM SD 
complex could thereafter be isolated from the normal mononuclear cells by the use 
of a strong magnet. The nature of the selected cells was confirmed microscopically. 
From the different cell populations RNA was extracted and the material subjected 
10 to the differential display cloning procedure (Liang and Pardee, 1992), in which 
partial cDNA-sequences from mRNA subpopulations obtained by reverse 
transcription were amplified by polymerase chain reaction. Comparison of cDNA- 
fraaments from the various tumor cell populations were compared on a sequencing 
gel" and fragments specifically expressed in cells obtained from one of the sites 
1 5 were extracted and sequenced. Among a number of interesting gene sequences with 
specific expression either in tumor cells isolated, with our magnetic immunobead 
technology, from bone marrow or in tumor cells immunomagnetically isolated 
from lymph node metastases, we have found one cell cycle related transcription 
factor, one oncogene product, in addition to genes not yet identified. The 
20 expression of the two identified gene sequences in biologically relevant model 
systems and clinical material is presently being analyzed. 

E xample 2 : 

In this example, cells from a model for experimental metastasis of a human breast 
25 cancer were used. In athymic, nude rats injection of MA-11 human breast cancer 
cells into the cisterna magna (CM) results in leptomeningeal spread and growth of 
the malignant cells. Moreover, MA-1 1 cells injected into the left cardiac ventricle 
(LV) form metastases in the spinal cord which result in the development of hind 
leg paralysis in the animals after approximately 35 days. Tumor cells from both 
30 locations were obtained by mincing the host tissue and preparing single cell 

suspensions, and the immunobead technique described under example 1 was used 
to positively select the malignant cells. Thereafter, RNA extraction of cells from 
the two sites, together with in vitro cultured MA-1 1 cells was performed and the 
material similarly subjected to the differential display cloning procedure as already 
35 described. In addition, mRNA extracted from relevant normal tissues m the rats 
were included as controls. It should be noted that the MA-1 1 cell line was 
established from micrometastatic tumor cells isolates with the immuno magnetic 
method from the bone marrow of a stage II breast cancer patient. Several candidate 
fragments specific for the cells growing in the leptomeninges or as metastases to 
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the spinal cord have been detected. Sequence analysis showed that these fragments 
represent both novel and known genes. Among the fragments confirmed as 
differentially expressed in MA-ll cells selected from metastatic cell, four 
candidate genes have so far been examined in more detail. Two of these, termed 
LV1 and LV12 are particularly interesting. LV1 shows very high expression 
selectivity in tumor cells from spinal cord metastases, whereas LV12 is 
donwregulated in leptomeningeally growing cells. LV1 is found to be upregulated 
in a number of cell lines known to have a high capacity to form experimental 
metastasis in immunodeficient animals. In a panel of primary tumours from breast 
cancer pateients, low expression of LV12 was related to short survival of the 
corresponding patients. Altogether the results show that LV1 mRNA seems to be 
upregulated in highly metastatic cells, and LV12 mRNA level was inversely 
correlated to progression and metastasis of breast cancer cells. Both genes are 
novel. In addition, a third promising candidate gene, CM13, is also a novel gene 
upregulated in tumor cells growing in the leptomeninges. Several other candidates 
are still to be further analyzed. For both LV1 and LV12 cDNA full length cloning 
has been initiated. 



F.vample 3: 

In a similar model to that described in example 2, MT1 human mammary cancer 
cells give rise to growth in the leptomeninges after CM injection, whereas LV 
injected cells metastasize to the bone marrow and bone in the vertebra of the spine 
and in the long bones. Cells from these two locations as well as in vitro grown 
cells have been isolated and RNA from the different cell populations has been 
extracted. Similar cloning procedures to those described in example 2 can be 
applied to this material. 

Example 4 : 

Tumor cells isolated by the technique described in example 1 have been isolated 
from other breast cancer patients, from patients with colorectal cancers where the 
tumor cells were isolated from primary and recurrent tumors, from lymph nodes 
and liver metastasis, and blood and bone marrow samples, and from prostate cancer 
patients with cells selected from primary or recurrent tumor specimens, from 
lymph nodes in addition to specimens from blood and bone marrow. The isolated 
cells can be used for gene cloning purposes. 

In addition to the use of the material described in examples 1-4 for gene cloning, it 
can be used for examining the expression patterns of all gene sequences of 

sufficient promise. 



